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Voriconazole Resistance and Mortality in Invasive
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Background. Triazole resistance is an increasing problem in invasive aspergillosis (IA). Small case series show mortality rates
of 50%-100% in patients infected with a triazole-resistant Aspergillus finnigatus, but a direct comparison with triazole-susceptible
IA islacking.

Methods. A S5-year retrospective cohortstudy (2011-2015) was conducted to compare mortality in patients with voriconazole-sus-
ceptible and voriconazole-resistant 1A, Aspergillus fionigatus culture-positive patients were investigated to identify patients with
proven, probable, and putative A, Clinical characteristics, day 42 and day 90 mortality, triazole-resistance profiles, and antifungal
treatments were investigated.

Results.  Of 196 patients with [A, 37 (19%) harbored a voriconazole-resistant infection. Hematological malignancy was the under-
lying disease in 103 (53%) patients, and 154 (79%) patients were started on voriconazole. Compared with voriconazole-susceptible
cases, voriconazole resistance was associated with an increase in overall mortality of 21% on day 42 (49% vs 28%; P = .017) and 25%
on day 90 (62% vs 37%; P = .0038). In non-intensive care unit patients, a 19% lower survival rate was observed in voriconazole-re-
sistant cases at day 42 (P = .045). The mortality in patients who received appropriate initial voriconazole therapy was 24% compared
with 47% in those who received inappropriate therapy (P = .016), despite switching to appropriate antifungal therapy after a median

of 10 days.

/

Conclusions.  Voriconazole resistance was associated with an excess overall mortality of 21% at day 42 and 25% at day 90 in

patients with [A. A delay in the initiation of appropriate antifungal therapy was associated with increased overall mortality.

Keywords. invasive aspergillosis; Aspergillus fumigatus; voriconazole resistance; mortality.

Triazoles are the mainstay of therapy for invasive aspergillo-
sis (TA) and have led to a substantial improvement in overall
survival. However, triazole resistance has become a concern
for the management of infections caused by Aspergiflus fumi-
gutus. Through culture-based surveillance studies, the number
of countries that report azole resistance continues to increase,
although resistance frequencies vary considerably between dif-
ferent geographic regions [1]. Resistance rates as high as 29%
have been observed in specific patient populations, such as crit-
ically il patients [2]. Variations in resistance frequencies may
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reflect true geographic differences or might be due to other
variables, including study design, patient populations, and lab-
oratory practices [3, 4].

Triazole resistance may develop through therapy of individ-
ual patients with Aspergillus disease, which primarily occurs
in patients with chronic pulmonary aspergillosis [5]. More
important, triazole resistance may develop in the environment
following exposure to azole fungicides [6]. Patients inhale
A. fumigatus spores resistant to medical triazoles, which may
evolve into triazole-resistant IA. The environmental route is
characterized by an apparent lack of patient risk factors, as the
majority of patients who present with triazole-resistant [A have
not been previously treated with medical triazoles [7]. The opti-
mal management of patients suspected of IA in regions with
environmental resistance remains unclear, and an expert panel
recommended considering moving away from triazole mono-
therapy when regional resistance frequencies exceed 10% [8].
This 10% threshold has been the subject of debate given the
toxicity, costs, and lack of oral formulations and of compara-
tive clinical trials of non-triazole antifungals such as liposomal
amphotericin B (L-AmB) and echinocandins or antifungal
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combination therapies. Animal experiments consistently show
that the efficacy of triazoles in infection with A. fumigatus with
elevated triazole minimum inhibitory concentrations (MICs)
is reduced compared with wild-type infection [9, 10]. This has
been shown for itraconazole, voriconazole, posaconazole, and
isavuconazole. Furthermore, several small case series reported
mortality rates of 50%-100% in patients with triazole-resistant
1A [11]. These rates are higher than those reported in recent clin-
ical trials, where mortality rates in triazole-treated aspergillosis
patients were below 30%. However, selection bias may partially
explain the very high mortality; therefore, the exact impact of
triazofe resistance remains to be defined as direct comparisons
between triazole-susceptible and triazole-resistant infection are
lacking {7, 12]. To investigate the characteristics and outcome of
voriconazole-susceptible IA and voriconazole-resistant 1A, we
conducted a retrospective, multicenter study in a large cohort
of A. fumigatus culture-positive patients.

METHODS

Study Desiga

A retrospective cohort study was performed at 3 tertiary
care university medical centers in the Netherlands: Radboud
University Medical Center in Nijmegen, Leiden University
Medical Center in Lejden, and Erasmus University Medical
Center in Rotterdarm.

General Management of 14

Diagnostic work-up in patients suspected of invasive pulmo-
nary mold disease, typically included chest computed tomog-
raphy (CT) and, if possible, bronchoscopy and bronchoalveolar
lavage (BAL). In patients with acute myeloid leukemia or myel-
odysplastic syndrome and hematopoietic stem cell transplant
recipients, a diagnostic-driven strategy was used, including
monitoring of serum galactomannan (GM) during neutrope-
nia or in febrile patients. Chest CT was performed in patients
with positive serum GM, in those with persistent fever despite
3-5 days of broad-spectrum antibacterjal therapy, and in
patients with progressive respiratory failure. If CT confirmed
the presence of pulmonary infiltrates, BAL was performed for
fungal culture and GM measurement. Voriconazole was the
first-choice treatment option for patients with 1A, During the
study period, no hospital treatment guidelines were availa-
ble for documented voriconazole-resistant [A. However, when
resistance was documented or suspected in critically ill patients,
treatment was changed to either triazole and echinocandin
combination therapy or L-AmB.

Data Collection

The microbiology database was searched for positive A. fumi-
gatus cultures of patients admitted between January 2011 and
December 2015, In order to select patients with 1A, the clin-
ical records of culture-positive patients needed to meet the

following 3 conditions: antifungal therapy was started within
1 month before or after a positive culture, the patient had
received at least 2 days of antifungal therapy, and the patient
could be classified as probable or proven IA according to
European Organization for Research and Treatment of Cancer/
Invasive Fungal Infections Cooperative Group; National
Institute of Allergy and Infectious Diseases Mycoses Study
Group (BORTC/MSG) definitions or putative or proven IA
according to criteria of Blot et al for the subgroup of patients
admitted to the intensive care unit (ICU) [13, 141

Patient characteristics included age, gender, underlying
diseases, ward/ICU admission, and antifungal prophylaxis or
therapy. ICU admission was defined as initiation of antifun-
gal therapy in the ICU and stay in the ICU for at feast 2 con-
secutive days. In addition, patients who were admitted to the
ICU during their hospitalization were analyzed separately in
a Cox regression model. Furthermore, the appropriateness of
initial antifungal therapy was assessed for patients treated with
voriconazole. Antifungal therapy was considered appropriate if
voriconazole was started in patients with voriconazole-suscep-
tible disease and inappropriate in those with voriconazole-re-
sistant IA. Switch to appropriate antifungal therapy and time to
switch were determined.

The study was reviewed by the institutional review boards
of the 3 medical centers, which confirmed that the study did
not fall under the Dutch law on research on human subjects.
Data were processed after encoding and in accordance with the
Dutch Personal Data Protection Act.

Mycology

Fungal cultures were routinely performed if a patient underwent
bronchoscopy with BAL and if ordered for other respiratory
specimens. Aspergillus fumigatus was identified by macroscopic
and microscopic morphology and growth at 48°C. Aspergilius
Sfumigatus isolates were routinely screened for the presence of
triazole resistance using an agar-dilution method (VIPcheck,
MedjaProducts bv, Groningen, the Netherlands) [15]. The
method relies on agar wells supplemented with itraconazole,
voriconazole, and posaconazole and a growth control. Fungal
growth on any triazole-containing well was considered indicative
of resistance, and these isolates were sent to Radboud University
Medical Center for MIC testing according to the European
Commitiee on Antimicrobial Susceptibility Testing reference
method [16]. Infection was considered to be voriconazole
resistant if 1 or more cultured A. furnigatus isolates exhibited a
voriconazole MIC above the clinical breakpoint of 2 mg/L. If a
patient had more isolates cultured within 1 month of initiation of
antifungal therapy, the most resistant isolate was used to classify
the patient. In addition, the presence of a resistance mutation in
cyp51A was determined by Cyp51A gene sequencing, which is
specific for A. fumigatus sensu stricty, excluding sibling species
from the A. firnigatus species complex [17, 18].
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Data Analyses

The primary endpoints were day 42 and day 90 mortality in
voriconazole-resistant [A compared with voriconazole-sus-
ceptible TA cases. Day zero was set at day of initiation of anti-
fungal therapy. Other factors with possible impact on survival
were also investigated, including choice of first-line antifungal
therapy, ICU admission, Acute Physiology and Chronic Health
Evaluation 1T (APACHE I1) score, and appropriateness of initial
antifungal therapy.

Statistical Analyses

Statistical analyses on the relation of voriconazole resistance
and mortality was performed in SAS 9.4 and SPSS 24 with
survival analysis (Kaplan-Meier) and the log-rank method.
Confidence intervals were calculated with the Kaplan-Meier
method. Possible confounders, that is, ICU admission, under-
lying hematological disease, and center, were analyzed for each
comparison with Cox regression survival analysis, Kaplan-
Meier survival {log-rank), and Fisher exact. Other differences
were compared with Fisher exact,

RESLLTS

Bemographics

In the 5-year period, 2266 patients with a positive A. fugnigatus
culture at the 3 centers were eligible for the study. Overall, 196
(8.6%) patients met our case definition, that is, received anti-
fungal therapy within 30 days of a positive culture, received
at least 2 days of antifungal therapy, and could be classified

putative diagnosis in 36 (18%) patients, and a probable diagno-
sis in 117 (60%) patients (Table 1). Hematological malignancy
was the most frequent underlying disease, diagnosed in 103 of
196 (53%) patients. Bighty-five {43%) patients were admitted
to the ICU during hospital admission, while 59 (30%}) patients
first received antifungal therapy in the ICU. Voriconazole was
the initial therapy in 154 (79%) patients, Further details regard-
ing the demography for individual centers and the total patient
population are provided in Table 1.

Yoriconazole Susceptibility

Voriconazole resistance was observed in 37 of 196 (19%)
patients, but the resistance frequency varied from 10% to 31%
at individual centers (Table 1). Voriconazole-resistant A was
diagnosed in 14 of 59 (24%) ICU patients and in 23 of 137
{17%) non-ICU patients. Voriconazole resistance corresponded
with resistance to isavuconarzole for all 14 patients where isavu-
conazole susceptibility was determined (Table 2). In 30 of 37
{(81%) patients, the A. fumigatus isolate showed a pan-tri-
azole-resistant phenotype; in 7 patients, the susceptibility to
itraconazole, voriconazole, and posaconazole varied. Analysis
of triazole-resistant A. fignigatus jsolates showed resistance
mutations that are associated with the environmental route of
resistance selection in 32 of 37 (§7%) patients; TR, /L98H in
18 patients and TR, /Y121F/T289A in 13 patients (Table 2). In
5 voriconazole-resistant isolates, no mutations were found in
the CypSIA gene, suggesting that other uncharacterized resis-
tance mutations might be present. In 7 patients (19%), a mixed
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Table 1. Demographics, lavasive Aspergillosis {14} Classification, Yoricenazele §
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patients, while in 1 patient, isolates with 2 different resistance
mutations were recovered (Table 2). Al cultured A. fumigatus
isolates were susceptible to amphotericin B.

Mortality
The overall mortality in the 195 patients with 1A was 62 (32%)
at day 42 and 81 (42%) at day 90 (Table 1}. One patient was
discharged to a hospice on day 25, but the exact day of death
was not known; therefore, his survival was censored at 25 days.
Comparing the patients infected with voriconazole-susceptible
and voriconazole-resistant A. funigatus, a 21% higher overall
mortality was observed in patients infected with a resistant
isolate; 44 of 158

95% confidence interval [CI], 21% 1o

absolute difference in mortality had increased to 25% (58 of
5% CI 30% to 45% and 23 of 37; 95% C1 47%

to 77%, respectively; log-rank test, P = .0038; Figure 2A). As

expected, the cumulative survival rates were much lower for 59
patients:

tality was 26 of 45 {
tible [A and 10 of 14
1A at day 42 (log-rank test, P = .37; Figure 2B). For 136 patients

or patients with voriconazole-suscep-

r those with voriconazole-resistant

who first received antifungal therapy on the ward (non-1CU
group}, a 19% lower survival rate was observed for patients with
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Table 2. Underlying Condition, lnvasive Aspergiliosis (14) Classification, Aspergilius fumigatus Genotype and Phenotype, and Dutcoms in 37 Patienis
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Abbreviations: AllcHS 1, AML, acute myeloid leukaemia; CLL, chronic lymphoblasti hronic obstructive pulmonary disease :::‘

ISA, is
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*ixed infection: 8/R, voriconazole-susceptiole and voriconazole-resi

S, posaconazole; SOT, solid organ transplant; VCZ, vori

i, B/7, 2 different voriconazoleresistant genotypes.

zole; W wild type.

&8

voriconazole-resistant 1A compared with voriconazole-suscep-
tible infection, with a mortality rate of 8 of 23 {35%) and 19
of 113 (16%) at day 42, respectively (log-rank test, P = .045;
Figure 2C). The mortality for 18 patients infected with TR/
198H was not different from that of 13 patients infected with
TR, /Y121F/T289A (Supplementary Figure 51).
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At the discretion of the treating physician, 27 of 196 (14%)
patients received initial antifungal therapy with L-AmB. Eight
of these 27 patients were infected with voriconazole-resistant
A. fumigatus. The survival at day 42 of L-AmB-ireated patients
was 55% compared with 71% for voriconazole-treated patients
(log-rank test, P = .04; Figure 3). However, the proportion of ICU
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patients in the L-AmB-treated group was significantly higher
compared with voriconazole-treated patients (13 of 27 [48%] vs
43 of 154 [28%]; Fisher exact test, P = .04), indicating that con-
founding by indication at least partly explained this difference.

The mortality of patients who received appropriate and
inappropriate therapy was compared for 154 patients with
initial voriconazole therapy. Thirty patients (81%) with
voriconazole-resistant LA initially received voriconazole ther-
apy and were classified to have received inappropriate antifungal
therapy (Table 2). Therapy was switched to appropriate therapy
in 18 patients after a median of 10 days (range, 1 to 39 days).
Inappropriate voriconazole therapy corresponded with reduced
survival at day 42 compared with appropriate therapy (76% and
539%, respectively; log-rank test, P = .016; Figure 4). Six patients
presented with mixed infection (Table 2).

Cox Regression Analysis

ICU admission, underlying hematological disease, and center
were analyzed as possible confounders for mortality. ICU admis-
sion contributed significantly to mortality, whereas the presence

of hematological disease had no effect (see Supplementary

Table 1). Comparison of the centers indicated that the resis- g‘
tance frequency was significantly higher in center 2 compared ;
with centers 1 and 3 {P = .009). The hazard ratio at day 42 for :f
patients who started voriconazole therapy on the ICU was 7.7 95

&
g

(95% CI, 3.9 to 15.3; P < .001), while a hazard ratio of 1.4 was
found for voriconazole resistance (95% CL 0.8 to0 2.4; P = 272;
Supplementary Table S1). In patients where voriconazole ther-
apy was initiated on the ward, voriconazole-resistance frequency
was higher in patients who required 1CU admission compared
with those who completed treatmaent on the ward (8 of 16 [50%)]
compared with 15 of 111 [14%] patients, respectively; P = .044),

B107 BUNT 00 LD IBEN I0HU0T

DISCUSSION

Our retrospective cohort study showed a higher mortal-
ity in patients with voriconazole-resistant 1A compared with
voriconazole-susceptible TA. In a setting of primary therapy
with voriconazole, the absolute difference in day 42 and day 90
mortality was between 219 and 33%, respectively, for the overall
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s with 1A who were trealed with voriconazele. The biue line rep-
: ith 1A who were treated with L-AmB. One patient was discharged
to a hospice after 25 days, and his survival was, therefors, censored at day 25.

patient group and for non-ICU patients. These observations are
in fine with results from in vive models of resistant infection and
case series [7, 9, 10, 12, 19]. However, these case series included
a small nomber of TA patients and were, therefore, prone to
selection or publication bias. In the subset of patients admit-
ted to the ICU, no significant difference in survival between
voriconazole-resistant and voriconazole-susceptible 1A was
found. However, the smaller sample size of this subgroup as
well as the high mortality of 67% in voriconazole-susceptible JA
patients in the ICU makes this analysis severely underpowered.

L-AmB is considered alternative treatment for [A; however,
a randomized comparison with voriconazole has never been
performed and, therefore, its efficacy relative to voriconazole
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remains unclear [20]. In our study, the survival of L-AmB~
treated patients was not better than voriconazole-treated
patients with [A. However, patients who received L-AmB were
more often admitted to the ICU compared with patients on
voriconazole and, therefore, had an a priori higher probability
of dying. Although the very small number of patients in this
subanalysis makes any definite conclusions premature, this may
indicate that in critically il patients and those with advanced [A,
clinical deterioration could not be reversed by polyene-based
therapy. Indeed, preclinical studies showed that L-AmB, even at
a dose of 10 mg/kg, was ineffective when treatment was delayed
untif 48 hours post-infection [21], underscoring the need for
early intervention. Treatment delay was also found fo be associ-
ated with poorer outcome of 1A in clinical studies [22], which is
supported by our observation of lower survival when the initial
antifungal therapy was inappropriate.

Voriconazole resistance was dominated by mutations asso-
ciated with environimental resistance selection, accounting for
87% of resistance mutations [7, 11, 12]. The majority of iso-
lates were pan--azo]e resistant, and there was 100% cross-re-
sistance between voriconazole and isavuconazole. There are
no known risk factors that can help to identify patients at high
risk for triazole-resistant TA. In our study, all cases of inappro-
priate antifungal therapy were due to voriconazole therapy in
voriconazole-resistant A,

Crur study has several limitations, including ifs retrospective
design. Many factors may have an impact on the outcome of
14, and some of these could act as a confounder as they may
not be well balanced between voriconazole-susceptible and
voriconazole-resistant patient groups. We identified possible
confoundersin ourcohort. Asexpected, ICU admission wasasso-
ciated with significantly higher mortality. However, when ICU
patients were excluded, mortality in voriconazole-resistant IA
remained significantly higher compared with voriconazole-sus-
ceptible IA. Furthermore, patients with voriconazole-resistant
1A were more likely to require ICU admission, suggesting that
initial therapy was not successful. Cox regression analysis indi-
cated that the hazard of death due to voriconazole resistance
was 1.4 times higher than in voriconazole-susceptible infection.

Our study relied on Aspergillus culture as this enabled reli-
able resistance screening and in vitro susceptibility testing.
Agar-based resistance screening through VIPcheck was found
to be highly sensitive and specific to identify resistant A. fumi-
gatus colonies in cultures. Also, unlike polymerase chain
reaction (PCR)-based resistance detection, VIPcheck allows
detection of a broad range of resistance mutations, including
uncharacterized mechanisms [15]. However, sensitivity of cul-
ture is low; thus, our cohort represents a small subset of [A cases
and may not be directly translatable to culture-negative cases
of IA. A recent study that used PCR cyp51A resistance testing
directly on BAL of hematology patients with A showed a 31%
difference in overall mortality, similar to what we observed [19].
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As 79% of patients received initial therapy with voriconarzole,
our study represents an escalation strategy, that is, initial
voriconazole and escalation when resistance is documented.
The Infectious Diseases Soclety of America (IDSA) recom-
mends an escalation strategy when MIC festing is advocated
in patients suspected of resistance or failing primary antifungal
therapy [20]. In our study, a higher mortality was observed if
patients with voriconazole-resistant IA started on voriconazole
despite intensive resistance screening. Treatment was switched
after a median of 10 days, which did not prevent poor clini-
cal outcome. A management strategy based on less intensive
resistance testing, as recommended by the IDSA, might result
in excess mortality in those patients with voriconazole-resistant
IA. Direct detection of resistance mutations by molecular tech-
niques in BAL fluid may reduce the time to resistance detection,
and PCR-based strategic studies are currently ongoing.

As appropriate initial antifungal therapy was found to be crit-
ical, up-front combination antifungal therapy may be required
to increase the probability of survival of patients at risk for 1A
in geographic regions with high resistance rates. Combination
therapy includes voriconazole or isavuconazole combined with
an echinocandin or L-AmB, but clinical evidence supporting
these treatment options is lacking. However, the 10% threshold
recommended by an expert panel was met in our centers, and
the Dutch treatment guideline has been revised to recommend
routine triazole-resistance testing and combination therapy for
patients suspected of [A, af least until the presence of resistance
has been ruled out [23]. In most countries, resistance rates are
lower than reported in the Netherlands, which does not justify
a deescalation strategy [1, 24].

Our findings underscore the need for rapid resistance tests
and antifungal drugs based on new targets. As azole fungicide
use appears to be an important driver for resistance in A. fumi-
gatus and new resistance mutations continue to emerge in the
environment [25], strategies that are aimed at overcoming
resistance selection in the environment need to be developed.
However, antimicrobial resistance action plans and “One-
Health” research are generally restricted to bacterial resistance
[26]. Governments, medical research councils, and public health
organizations are called to action to prioritize fungal research
and help to overcome the problem of triazole resistance.

Supplementary Data
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materials are not copyedited and are the sole responsibility of the authors,
s questions or comments should be addressed to the corresponding author.

Botes

Financial support,  This work was supported by the mycology research
group of the Department of Medical Microbiology at Radboud University
Medical Center.

Potential counflicts of inferest. P E. V. has received financial support
from Gilead Sciences, MSD, Pfizer, and F2G and nonfinancial support from

OLM and IMMY outside the submitied work. B. I. A. K. has received finan-
cial support from Gilead Sciences outside the submitted work. A E A. DL
S. has received financial support from Abvie, Roche, Gilead Sciences, and
Pfizer outside the subinitted work. The remaining authors: No reported
conflicts. All authors have submitted the ICMIE Form for Disdosure of
Potential Conflicts of Interest. Conflicts that the editors consider relevant to
the content of the manuscript have been disclosed.

Referances

1. van der Linden JW, Arendrup MC, Warris A, et al. Prospective mult
national surveillance of azole resistance in Aspergillus fumigatus. Emerg
215; 21:1041-4.

2. van Paassen [, Busscher A, In %t Veld-van Wingerden AW, Verweij PE, Kuijper

EJ. Emerging aspergillosis by azole-resistant Aspergiflus fumigatus at an intensive
care unit in the Netheriands, 2010 to 2013, Euro Surveill 2016; 21{30).

. Rempel OR, Laupland XB. Surveillance for antimicrobial resistant organisms:
potential sources and magnitude of bias. Epidemin! Infect 2009; 137:1665-73.

. Verweij PE, Lestrade PP, Melchers W], Meis JE Azole resi
in Aspergillus fumigatus: beneficial or blased? | Antimicrob Chemother 2016;
71:2079-82.

. Bueid A, Howard 5], Moore CB, et al. Azole antifungal resistance in Aspergillus

icatus: 2008 and 2009. | Antimicrob Chemother 201 65:2116-8.

2lders F, Kema GI, Mellado £, Melchers W], Azole e

Aspergmm f rgatus: a side-effect of environmental fungicide use? Lance
Dis 2009; 9:789--95.

. van der Linden JWM, Snelders E, Kampinga GA, et al. Clinical implications of

w

S

ance surved

1Ce

W

f'm/'

“1'1* anc

~3

azole resistance in Aspergillus |
Infect Dis 2012; 17:2007-9.

migatus, the Netherlands, 2007-2009. Bmerg

Updat 2815; 21-22:30--40.
e} R] MeAc}‘erﬂ WIL Rijs AT \erwel] PE, Mouton I‘v’\i

pha:’macodym am
azole-resistant

10, Seyedmousavi 5, e
in experimental azole resistant invasive ]Jbl"nu mry a wcrédlom Annmuob
Agents Chemother 2615; 59:1487-94,

Chowdhary A, Melchere WJ, Meis JE Azole resistance in Aspergillus

cal use of mold-active antifungal azoles? Clin

@

11, Verwe

fumigatus: can we retain the cli
Tnnfect Dis 2016; 62:362-8
. van der Linden WM, (,an‘pc SMT, Kampinga G, et al. Aspergillosis d
voriconazole highly resistant Aspergiflus fumigatus and recovery of gen
related r isolate :
13. DePanw B, Walsh T7, Donnellyf

2

ive Gr()up; National
ous Diseases Mycoses Study Group Consensus

Group. Revised de nitions  of invasive
Organization for Research and Treatment of Cancer
Cooperative Group and the National Institute of Allergy and Infectious Diseases
y (BORTC/MSG) Consensus Group. Clin Infect Dis 2008;

fungal dis
/Iavasive Fungal

Mycoses Study Groug
46:181 1.
cone F3, Van den Abeele AM, et al; AspICU Stus

i1
1] algorithm to dlagnose jnvasive pulmonary a:;pergl]:, 3
patients. Am ] Respir Crit Care Med 2012; 186:56-64.
15, Buil 1B, van der Lee HAL, Rijs ATMM, et al. Agar-be
resistance in Aspergillus fumigatus using ViPcheck
Antirnicrob Agents Chemother 2017; 61, piie01250-17.
16. Arendrup MC, Mel 1, Mouton TW, L
for the determination of broth di
antifungal agents for conidia
E.DEF 8.2.1. European Com

restigators, A
in critically ill

sed screening for azole
single centre evaluation.

wion minimum inhibi t()t) concentrat
hitive Document

tiee on Antimicrobial Susceptibility Testing; 2017.
17. Mellado E, Diaz-Guerra TM, Cuenca-Estrella M, Rodriguez-Tudela JL.

Identification of two d 51A
and cyp51B) in
Microbiol 20601; 3

18. bnclde rs B, van der Lee Li% Kuijpers 1, et

rent 14-alpha sterol demethylase-related genes (cy
migatus and other Aspergilius species. T Clin

al. Emergence of azole resistance in
Aspergiflus fumigatus and spread of a single resistance mechanism. PLo8 Med
2008; 5:e219.

. Chong GM, van der Beek MT, von dem Borne PA, et al. PCR-based detec

2

tion
of Aspergilius fumigatus Cyp51A mutations on bronchoalveolar lavage: a multi-
201 patients with haematologi-

tinticrob Chemother 2616;

centre valid

of the AsperGenius assay® i

ase suspected for invasive aspergiliosis.

1470 « CiI 2019:68 (1 May) - Lestradeetal

AT

ALTEAY

Zain

-

o
&
&

N
5t

s

iy i RN IRL0T

2R

e
118

H

g4

ED_013165_00000363-00008



20.

Patterson TE Thor
the diagn
Diiseases Society of America. Cli

on GR 3rd, Denning DW, et al. Practice guidelines for
and management of aspergillosis: 2016 update by the Infections
Infect Dis 2816; 63:el—e60.

21. Be sl B Santin A, Biscotti T, Greganti G, Giannini 1, Manso E. De‘iay of
antifungal therapy influences the outcome of invasive aspergillosis in experimen-
tal maodels of infection. | Antimicrob Chemother 2016; 71:2230-3,

22. van de Veerdonk FL, Xo. K E, Lestrade PPA, et al. Influenza-associated
aspergiliosis in cxtically il patients. Am | Respir Crit e Med 2017;
196:524-7.

23. SWABguidelinesforthernanagementofinvasive fungalinfections. Availableat:http://

www.swab.nl/swab/crms3.nsf/uploads/3AA7A56CE879587 BC12581F80061297F

24.

15, Zhaug I, Zwaan B, Schoustra &

/$FILE/SWAB%20Richtlijn%20Mycosen%202017%20(final).pdf. Accessed 14
March 2018,
Koehler P, Hamprecht A, Bader O, et al. Epidemiclogy of i

vasive aspergillosis
1A Stady. Int |

and azole resistance in patients with acute lenkaeria: the
Antimicrob Agents 2017; 4 23,

S et al. A novel environmental azole-resistance
tation in Aspergilius fumigatus and a possible role of sexual reproduction in its
0079117,

Health Organization global action plan on antimicrobial resistance.
Ittp:/ fwwwowho.int/antimicrobial-resistance/publications/glob-
al-action-planfen/. Accessed 9 October 2017,

mu

emergence. MBio 2017, 8. p

Available  at:

Voriconazole-resistant Aspergillosis « CID 2019:68 (1 May) » 1471

AL TRA ST 4

Zain

-

o
&
&

N
5t

s

3y R AR MO0

7

2R

e
118

H

g4

ED_013165_00000363-00009



